Effects of rain characteristics and terracing on runoff and erosion under the Mediterranean by Abu Hammad, Ahmad et al.
Effects of rain characteristics and terracing on runoff and
erosion under the Mediterranean
Ahmad H. Abu Hammad *, T. Børresen, L.E. Haugen
Department of Plant and Environmental Sciences, Norwegian University of Life Sciences, P.O. Box 5003, 1432 A˚s, Norway
Received 5 November 2003; received in revised form 22 February 2005; accepted 26 February 2005
Abstract
Soil aggregate stability along with the erosive effect of rainfall is two main crucial factors, which contribute to soil erosion
and runoff. A 2-year experiment was conducted to study the effects of rainfall characteristics and terracing conservation practice
on erosion and runoff. The results of the experiment showed that erosion processes were mostly transport-limited, only 6.5% of
the rain events were detachment-limited due to their erratic nature. Rainfall events of >60 mm and with 30-min intensity (I30) of
12 mm h1 shifted the erosion process from the transport-limited to the detachment-limited phase. Under conditions of high
saturation, runoff and erosion is probable with rainfall events of I30 4 mm h1. Organic carbon, Ca, Mg, EC and K showed
significant differences between terraced treatment and non-terraced one. The kinetic energy revealed a strong and significant
correlation with interrill erosion, splash erosion and runoff when applied to both terraced and non-terraced systems, although the
correlation was highest in the case of splash erosion (r = 0.93). Stepwise multiple regression equations between runoff, interrill
and splash erosion with rainfall kinetic energy, storm duration, EI30 and I30 (r = 0.87, 0.87, 0.93 for runoff, interrill and splash
erosion, respectively) were found to be significant, where the effect of kinetic energy was more pronounced and stronger than
other parameters (r = 0.93). Interrill erosion can best be estimated using a highly significant multiple regression equation
(r = 0.96) between interril with runoff and splash erosion.
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1. Introduction
Population growth, along with anthropogenic
activities, have led to the intensification of soil
erosion and land degradation, particularly in the arid
and semi-arid regions of the Mediterranean (Cerda,
1998a; Pimentel, 2000). The newly formed Palestinian
autonomous areas, which are located in the eastern
Mediterranean region, are characterized by a moun-
tainous and fragile semi-arid system with many
environmental problems, such as loss of vegetative
cover; low organic matter content; erratic rainfall
events during periods with no canopy cover; increased
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soil susceptibility to interrill erosion and overland flow
(Soil and Water Conservation Society, 1994).
Soil erodibility is a measure of its susceptibility to
detachment and transport by water, which is, in turn,
determined by different soil properties as well as the
rainfall characteristics (Cerda, 1998c). Aggregate
stability, organic matter, clay mineralogy, and other
chemical and physical soil properties are important
factors, which affect soil erodibility as well as rainfall
erosivity (Cerda, 1998c; Frasera et al., 1999; Herrick
et al., 2001). Aggregate stability qualifies as an
important parameter for the evaluation of soil
erodibility because it indirectly measures the inter-
active effects of the soil with the surrounding fauna,
flora, parent material, climate, soil management and
soil properties (Cerda, 2000). Hence, strong relevance
of aggregate stability can be established with soil
erosion and runoff under natural rainfall conditions
(Chappell et al., 1999). The relation between
aggregate stability with erosion and runoff, however,
is questionable when runoff and erosion data are
measured under simulated rainfall, since these
conditions lack the correlation to natural phenomena
(Le Bissonnais and Arrouays, 1997; Barthes and
Roose, 2002).
The kinetic energy of raindrops comprises the
major erosive factor of rainfall. This energy causes
splash erosion through the detachment of the soil
particles with the consequent aggregate disintegration
and slacking. The detached soil particles are then
transported by the initiated overland flow, which is
also a function of the intensity, amount and duration of
rainfall (Morgan, 1986). Previous studies have
indicated that only 0.06% of rainfall energy con-
tributes to splash erosion by soil detachment (Morgan,
1978).
The relationship between soil erodibilty, rainfall
erosivity, and the interaction between interrill and
splash erosion under the Mediterranean conditions,
has not been intensively investigated. The study of
such relationships might contribute to a better
understanding and management of this fragile eco-
system. This study has the main objective of assessing
the effect of rainfall characteristics and rain erosivity
on runoff, splash and interrill erosion. A second
objective is to investigate the effect of stonewalled
terraces and non-terraced systems on some soil
properties and aggregate stability.
2. Materials and methods
2.1. Experimental site and climatic conditions
Two adjacent locations were selected to conduct
the experiment: the first was situated in an area with a
soil-conserving stonewalled terrace, more than 50
years old; the second in an area with no conservation
measure employed. The experiment was conducted
during the winter seasons of 2000 and 2001. The
experimental location has an altitude of 900 m above
sea level. The area has two distinctive seasons,
summer and winter. The mean annual precipitation is
580 mm, of which 90% occurs from October to April
during the winter (Ministry of Transport, 1998).
Summer is completely dry with no rainfall. The mean
annual temperature is 17.1 8C, with the hottest months
being July, August and September (Ministry of
Transport, 1998). Large soil moisture deficits prevail
during the summertime, with high mean annual
potential evapotranspiration being 861 mm (Land
Research Center, 1999). Soil temperature and moist-
ure regimes are Thermic and Xeric, respectively (Dan
et al., 1976; Soil Survey Staff, 1998).
The area features limestone, marl and dolomite
bedrock dated to the Turonian age (Abed, 1999). The
topsoil (0–15 cm) is silt loam and the subsoil is silt
clay loam. The USDA soil classification is Lithic
Xerorthent loamy, mixed, thermic, whereas the FAO
classification is Calcaric Leptosol (Land Research
Center, 1999). The soil itself is shallow with depths
not exceeding 40 cm in the hilly and the non-terraced
areas, whereas in the lower slopes and in the terraced
areas, the soil depth is moderate with a maximum of
100 cm.
2.2. Experimental design, rainfall, runoff and
erosion measurements
The experiment features two treatments, which are
replicated three times in randomized complete block
design. The treatments are stonewalled terraced (Tr)
and non-terraced (NTr) plots. The experimental area
has a well-known history of cultivation of wheat
(Triticum aestivum) and barley (Hordeum vulgare).
Erosion and runoff plots were 15 m  2 m with a main
slope of 2–3% along the length of the plot. Each plot
was bound on all sides by earth levees except for the
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